. The sensitivity of this system is in the picomole range.
dex column, and the peptide fraction is then labeled by reaction with fluorescamine. The resulting peptide fluorophors are separated by chromatography on a reverse-phase bonded column. Specificity of the procedure was ascertained by several criteria, including bioassay and amino-acid analysis of the eluted peptide fluorophors. The procedure serves as a model system for the assay of tissue peptides in the picomole range.
Transmission of information by chemical agents is widespread in biological systems, whether in neural, hormonal, or immunological regulation. It is becoming evident that a large number of these chemical transmitters are peptides in the molecular weight range of 300-10,000. Active peptides have generally been discovered through their biological activity, and today, even in those instances where synthesis has been achieved, they are assayed by biological or immunological methods. Thus far, bioassay and immunoassay have been the only means with which to achieve the specificity and sensitivity required. While such assays are useful, they do not entirely substitute for specific chemical assay.
With the introduction of fluorescamine (1) and the automated instrumentation and technology for its use (2, (2) . The sensitivity of this system is in the picomole range.
The bioassay of vasopressin was carried out using the rat pressor method (5), except that samples were injected into the jugular instead of the femoral vein.
RESULTS
Peptides for use as standards A major problem in establishing the assay of any peptide appears to be the difficulty in obtaining a pure sample to be used as a standard. Even with oxytocin and vasopressin, where synthesis was carried out many years ago, pure samples are not readily available, and even the purest material from commercial sources contains other components. Purification and verification of purity of the standards are requisites for assay.
Commercially obtained vasopressin and oxytocin were purified by chromatography on a 25 X 0.46 cm column of Partisil SCX (a cation exchange resin). Elution was at room temperature at 8.0 ml/hr, utilizing a gradient from 0.005 M pyridine-acetate to 0.5 M pyridine-acetate, pH 3.0 and 5.0, respectively. Details on the use of this column for chromatography of free peptides will be presented elsewhere. The peptides in the column eluate were detected by the fluorescamine reaction, using a discontinuous sampling valve (6) . Homogeneity of each peak was confirmed by chromatography of the fluorescamine derivative on Partisil ODS (see below). Amino-acid analysis of each peak confirmed the identity and was used for quantitation of the primary standards.
Extraction of peptides from tissues The procedure described by Sachs et al. (7) Separation of peptides from a-amino acids The use of copper-Sephadex to remove a-amino acids from peptide solutions is well documented (8) . Additionally, this resin was found to retard lipoamines and polyamines while allowing peptides and w-amino acids to pass through. However, amino-acid analysis of the eluted peptides revealed that certain amino acids, such as cystine and tyrosine, were oxidized. This problem was solved by treatment of the resin with thiodiglycol, and the addition of 0.01% thiodiglycol to all aqueous solutions.
KOH. Copper-Sephadex was prepared according to the method of Fazakerly and Best (8) . It was washed with 0.01 M sodium tetraborate titrated to pH 11.0 with KOH, and made up to contain 0.1% thiodiglycol. A 3 X 0.7 cm column was packed in a siliconized glass tube, and polyethylene discs were used to sandwich the resin bed as previously described (3) . After the column was washed with several bed volumes of the borate buffer, the sample was allowed to drain into it. Peptides were eluted in the first 1.0 ml of the effluent, which was collected in a 1.5-ml plastic centrifuge tube. Preparation of fluorescamine derivatives Peptides react with fluorescamine through their free amino groups to yield the corresponding derivatives. The reaction with peptides is maximal at about pH 7, whereas reaction with a-amino acids is best at pH values in the range of 8-9. The reaction was therefore carried out at pH 7. It was also necessary to add EDTA before the reaction because traces of free copper from the copper-Sephadex column were found to quench the fluorescence. Accordingly, the 1 ml of the borate buffer eluted from each column was neutralized by the addition of 0.125 ml of 0.5 M KH2PO4 in 0.02 M disodium EDTA. An aliquot of the neutralized extract, equivalent to about 350 ,l, was transferred to a 1.5 ml polypropylene tube and treated with 200 Ml of fluorescamine dissolved in acetone (20 mg/100 ml). While it has been shown that under similar reaction conditions 80-90% of a peptide is rapidly converted to a single fluorescent derivative, 10 min was allowed to insure complete hydrolysis of excess reagent. The extent of fluorophor formation with vasopressin was determined in the following manner. After vasopressin was reacted with fluorescamine, an aliquot of the reaction mixture was hydrolyzed and subjected to amino-acid analysis. Another aliquot, when chromatographed on a reverse-phase column (see below), yielded a single fluorescent peak. The material in the entire peak was collected, hydrolyzed, and subjected to amino-acid analysis. Since recovery of peptide fluorophors from the columns is quantitative (see below), from a comparison of the analyses it was calculated that 89 I 5% (duplicate samples) of the vasopressin was converted to the fluorophor.
Chromatography of the fluorescamine derivatives
To the solution containing the fluorescamine derivatives prepared above (about 550 ,ul) was added 650 ,l of the 0.03% ammonium formate containing 0.01% thiodiglycol. It is important that the acetone content be less than 15%. Onemilliliter of the solution was then applied to a Partisil ODS (reverse-phase) column which had been pre-equilibrated for 10 min with 15% acetone containing 0.03% ammonium formate and 0.01% thiodiglycol.
A 55 min linear gradient from 15 to 50% acetone, with both solutions containing ammonium formate and thiodiglycol at the above concentration, at a flow rate of 0.25 ml/min was used to elute the peptide fluorophors. After each run the column was washed with 80% acetone for 5 min, and then re-equilibrated. Reverse-phase chromatography of an extract representing approximately 25% of a single rat posterior pituitary gland is shown in Fig. 2 . The early eluting material most probably contains smaller peptides and w-amino acids. It to noise ratios (peak height to baseline fluctuation) of about 15:1. When extracts of pituitaries were reacted with fluorescamine and chromatographed, an elevation in baseline was observed. This did not interfere with quantification (Fig. 2) , but did lower the sensitivity to some extent. Nevertheless, aliquots representing less than 20 pmol gave peak heights at least five times greater than the baseline elevation.
Under the experimental conditions described above, peak heights were linear and proportional to peptide concentration from 10 to 500 pmol for both peptides. The concentrations of oxytocin and vasopressin in both standards and tissue samples were calculated from the ratios of their peak heights to that of vasotocin.
The addition of as much as 25 nmol of alanylalanine to a mixture of vasotocin and vasopressin, prior to reaction with fluorescamine, did not diminish the peak heights of the two nonapeptides nor did it alter their retention times. This indicates that the reagent is present in excess, and that large amounts of other fluorescamine reacting material in tissue extracts do not interfere.
Specificity
The material in the peaks appearing on the chromatogram of a rat pituitary extract (Fig. 2) were identified as vasopressin and oxytocin, respectively, by the following criteria: (i) comparison of retention times to standards; (ii) superimposition of the standard peptide upon its presumptive pituitary peak; (iii) amino-acid analysis of the pituitary derived vasopressin and oxytocin fluorophors; and (for vasopressin only) (iv) comparison of chemical and biological assay on aliquots of the same sample.
When authentic vasopressin was added to a pituitary extract, there was a corresponding increase in the height of the peak eluted at 45 min, with no change in peak symmetry. The same result was obtained when oxytocin was superimposed upon its presumptive pituitary peak (elution time 32 min). The retention times of the pituitary vasopressin and oxytocin peaks were always found to be identical to those of standards. Variation from run to run was no greater than for standards (for vasopressin and oxytocin +4%). The ratio of each retention time to that of vasotocin was far smaller (for either peptide +I%).
To establish criteria iii and iv, several rat pituitaries were homogenized and carried through the extraction and copper-Sephadex steps without the addition of vasotocin. Aliquots were treated with fluorescamine, subjected to reversephase chromatography, and the fluorometer effluent corresponding to the oxytocin and vasopressin peaks was collected. The peaks were then taken to dryness, hydrolyzed, and subjected to amino-acid analysis using the fluorescamine procedure (2) . Appreciable quantities of amino acids were found in addition to the expected residues of each peptide, this contamination being related to the observed elevated baseline. However, on rechromatography, each pituitary peptide fluorophor yielded only one fluorescent peak, which when collected and hydrolyzed, gave the correct amino-acid composition when corrected for buffer blank (Table 1) . Cysteine was not determined for two reasons. The cysteine residue at the amino terminus forms the fluorescamine derivative and it is not released on acid hydrolysis. Although the second cysteine residue was detectable, problems in its quantification in the presence of thioglycollic acid have been encountered (4) .
Other aliquots were taken from the pituitary extract to compare the chemical assay with the biological pressor assay Aspartate  318  289  318  291  36  42  Threonine  0  0  30  30  0  0  Serine  19  6  12  19  39  42  Glutamate  329  312  361  334  54  42  Proline  344  347  359  349  0  0  Glycine  342  303  353  334  80 Fluorescamine derivatives of the peptides in posterior pituitary extracts were resolved on the reverse-phase column. The material in the peaks appearing at the oxytocin and vasopressin positions was collected separately and rechromatographed on the same column. After collection of the material in each peak, the solvent was evaporated and acid hydrolysis was performed. Duplicate analyses were done on each hydrolysate. During the blank run (no sample applied to the column), solvent was collected at the oxytocin and vasopressin positions. The amino-acid analyses of each peptide have been corrected for the reagent blank. Values reported as zero were below the limit of measurement (5-10 pmol). Cystine was not assayed. a.d., average deviation.
( Table 2 ). Vasotocin was added to those samples used for chemical assay prior to fluorophor formation. The same vasopressin standard was used in both assays. The two values agree within the experimental errors of the procedures. The slightly higher value obtained in the biological assay, if significant, can be accounted for by the presence of oxytocin, which possesses a small degree of pressor activity (9) . Determination of vasopressin and oxytocin in rat pituitary The vasopressin and oxytocin contents of several posterior pituitaries obtained from male rats are presented in Table 3 . It may be noted that for each peptide the variation from animal to animal is about 15% (average deviation). Of interest is the fact that equivalent amounts of vasopressin and oxytocin were found in each pituitary gland. DISCUSSION As a general procedure, the prelabeling technique with fluorescamine offers many advantages over methods in which a Each value of pressor activity was based on a four point assay (5) . The same standard was used for both assays. fluorogenic reagent is added to the column effluent. In the latter case sensitivity is limited by the additions of buffer and reagent after elution, which dilute the column effluent; by the additive noise of three pumps, causing slight but persistent baseline fluctuations; and by amine contaminants in the buffers and reagents. By prelabeling the sample the column effluent can enter the fluorometer directly. The need for stringently amine-free solvents is minimized, as the fluorescamine is reacted with the sample in a small volume. Additionally, the instrument required for the method is rather simple, using only one pump. The assay described here can achieve specificity (which can be verified in other systems), yet has the potential of resolving and identifying other compounds in the sample. Since all peptide components that react with fluorescamine (any peptide with a free NH2-terminal or e-amino group) can be resolved, experimentally induced changes in these peptide patterns can be analyzed. Additionally, quantification can be obtained through the addition of an internal standard at the beginning of the extraction procedure. The same procedure, modified with respect to the reverse-phase chromatography, can be applied to other peptide assays. It has already been applied to the assay of carnosine (fl-alanyl-L-histidine) in the olfactory bulb §.
While these studies were under way, another fluorogenic reagent [2-methoxy-2,4-diphenyl-3(2H)-furanone], structurally similar to fluorescamine, became available (10). The latter offers certain advantages: more stability at extremes of pH, the production of a more hydrophobic derivative which allows the resolution of smaller peptides and co-amino acids, and the recovery of the NH2-terminal amino acid after acid hydrolysis.1 It would appear that this reagent may become the reagent of choice for the fluorescent derivatization assay of peptides and other amines. Considering the sensitivity of the procedure, it is surprising how little caution is required. Reasonable care must be taken with the water, buffers, and solvents. However, their purity can be readily determined (see above). To further prevent contamination we routinely use disposable surgical gloves during the handling of samples. Greater caution is required when the fluorescamine derivatives are collected for hydrolysis and amino-acid analysis. Tubes washed with dilute hydrochloric acid must be used for sample collection and drying, and the drying apparatus should be thoroughly cleaned between samples. We have found it beneficial to prepare new acetone buffers for any experiment in which we plan to collect the fluorometer effluent for amino-acid § S. Stein analysis. Another possible source of contamination that can limit sensitivity is the hydrochloric acid used in hydrolysis (11) .
The values obtained for oxytocin and vasopressin in rat pituitaries are of the same order of magnitude as previously reported (12) . However, in our studies both the biological and chemical assays were based on standards of demonstrated purity. Such standards have not been generally available. Considering the unavailability of standards and the limitations of bioassay, it may be necessary to repeat many of the physiological studies previously performed on these peptides using this procedure. Preliminary studies from our laboratory show that when rats are deprived of water the pituitary vasopressin level falls. This is expected since vasopressin is the antidiuretic hormone. However, we have found that the oxytocin levels fall to the same extent. We are currently using this methodology to study physiological and pharmacological factors that influence the biosynthesis of these two peptides. Note Added in Proof. The chromatographic separations of the peptide-fluorophors were obtained on reverse-phase columns with an efficiency of 6000 theoretical plates per quarter-meter (as determined by the manufacturer). The performance of these columns deteriorates after several months of usage.
